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Having illustrated and described the principles of our 
invention in a preferred embodiment thereof, it should be 
readily apparent to those skilled in the art that the invention 
can be modified in arrangement and detail without departing 
from such principles. We claim all modifications coming 5 
within the spirit and scope of the accompanying claims. 

What is claimed is: 

1. A compound objective lens, comprising: 

lens means, having a first convex surface and a second 1 
convex surface opposite to each other, for receiving a i° 
beam of incident light of one particular wavelength 
passing through an optical axis at the first convex 
surface, refracting the beam of incident light and emit- 
ting a beam of refracted light from the second convex 
surface; and 15 

plural focal point generating means for receiving the 
beam of incident light not yet refracted by the lens 
means, generating from the beam of incident light a 
plurality of beams of divided light including a first 
beam of divided light and a second beam of divided 20 
light, converging the beams of divided light at a plu- 
rality of focal points which are placed on the optical 
axis on a side facing the second convex surface of the 
lens means on condition that the first beam of divided 
light transmits through a first substrate and is con- 25 
verged on an information recording plane placed at a 
first distance Tl from a surface of the first substrate at 
a diffraction limit and that the second beam of divided 
light transmits through a second substrate and is con- 
verged on an information recording plane placed at a 30 
second distance T2 (T1^T2) from a surface of the 
second substrate at a diffraction limit. 

2. A compound objective lens according to claim 1 in 
which the plural focal point generating means is a hologram 
generating from the incident light as the beams of divided 35 
light a plurality of beams of diffracted light having different 
diffraction orders. 

3. A compound objective lens according to claim 2 in 
which the first beam of divided light is a beam of transmitted 
light which agrees with a beam of zero-order diffracted light 
generated by the hologram, and the second beam of divided 
light is a beam of first-order diffracted light generated by the 
hologram. 

4. A compound objective lens according to claim 2 in 
which 45 

the hologram is a phase modulation relief type of diffrac- 
tion device, 

a grating pattern of the hologram has a step-wise cross 
section and is formed in a concentric circle shape, 

the grating pattern of the hologram is concentrically 
partitioned into a plurality of blocks, 

a phase modulation degree of the incident light passing 
through the grating pattern of the hologram varies in a 
step-wise shape of four stairs for each of the blocks, 55 
and 

a ratio of an etching width of a top stair to a length of the 
corresponding block and another ratio of an etching 
width of a bottom stair to the length of the correspond- 
ing block are respectively lowered toward an outer 60 
direction of the grating pattern of the hologram. 

5. A compound objective lens according to claim 2 in 
which the hologram is a phase modulation relief type of 
diffraction device, 

a grating pattern of the hologram is formed in a concentric 65 
circle shape and is concentrically partitioned into a 
plurality of blocks, 
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a phase modulation degree of the incident light passing 
through an inner portion of the grating pattern of the 
hologram varies in a step-wise shape of four inside 
stairs for each of the blocks, 
5 the four inside stairs are composed of a top stair, a second 
stair, a third stair and a bottom stair in that order, 
a ratio of an etching width of the top stair to a length of 
the corresponding block and another ratio of an etching 
width of the bottom stair to the length of the corre- 
!0 sponding block are respectively lowered toward an 
outer direction of the grating pattern in the inner 
portion of the hologram, 
another phase modulation degree of the incident light 
passing through an outer portion of the grating pattern 
15 of the hologram varies in a step-wise shape of two 
outside stairs for each of the blocks, and 
a difference in width between the outside stairs is 
increased toward the outer direction of the grating 
pattern in the outer portion of the hologram. 
20 6. A compound objective lens according to claim 2 in 
which 

the hologram is a phase modulation relief type of diffrac- 
tion device, 

25 a grating pattern of the hologram has a step-wise cross 
section and is formed in a concentric circle shape, 
the grating pattern of the hologram is concentrically 

partitioned into a plurality of blocks, 
a phase modulation degree of the incident light passing 
30 through the grating pattern of the hologram varies in a 
step-wise shape of four stairs for each of the blocks, 
and 

a ratio of an etching width of a top stair to a length of the 
corresponding block and another ratio of an etching 
35 width of a bottom stair to the length of the correspond- 
ing block are respectively lowered toward an inner 
direction of the grating pattern of the hologram. 
7. A compound objective lens according to claim 2 in 
which 

40 the hologram is a phase modulation relief type of diffrac- 
tion device, 

a grating pattern of the hologram is formed in a concentric 
circle shape and is concentrically partitioned into a 
plurality of blocks, 
45 a phase modulation degree of the incident light passing 
through an outer portion of the grating pattern of the 
hologram varies in a step-wise shape of four inside 
stairs for each of the blocks, 
„ the four inside stairs are composed of a top stair, a second 
stair, a third stair and a bottom stair in that order, 
a ratio of an etching width of the top stair to a length of 
the corresponding block and another ratio of an etching 
width of the bottom stair to the length of the corre- 
55 sponding block are respectively lowered toward an 
inner direction of the grating pattern in the outer 
portion of the hologram, 
another phase modulation degree of the incident light 
passing through an inner portion of the grating pattern 
60 of the hologram varies in a step-wise shape of two 
inside stairs for each of the blocks, and 
a difference in width between the inside stairs is increased 
toward the inner direction of the grating pattern in the 
inner portion of the hologram. 
65 8. A compound objective lens according to claim 2 in 
which the hologram is a phase modulation type of diffraction 
device and is made of a liquid crystal cell. 




9. A compound objective lens according to claim 2 in 
which the hologram is a phase modulation type of diffraction 
device and is placed on a substrate of a birefringence 
material. 

10. A compound objective lens according to claim 2 in 5 
which a positional relationship between the lens means and 
the hologram is fixed. 

11. A compound objective lens according to claim 10 in 
which the hologram is formed on a lens surface of the lens 
means. 10 

12. A compound objective lens according to claim 11 in 
which the hologram is placed on a lens surface of the lens 
means of which a curvature is higher than those of other lens 
surfaces of the lens means. 

13. A compound objective lens according to claim 11 in 15 
which the hologram is placed on a lens surface of the lens 
means of which a curvature is lower than those of other lens 
surfaces of the lens means. 

14. A compound objective lens according to claim 1 in 
which a numerical aperture of the lens means for the incident 20 
light converged at one focal point of the focal points differs 
from that for the incident light converged at another focal 
point of the focal points. 
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15. A compound objective lens according to claim 2 in 
which a grating pattern is formed in a first portion of a 
light -passing area of the hologram corresponding to an 
aperture of the lens means, and any grating pattern is not 

5 formed in a second portion of the light-passing area of the 
hologram. 

16. A compound objective lens according to claim 15 in 
which a phase of the incident light passing through the 
second portion of the light-passing area of the hologram 
almost agrees with an average value of phases of the incident 
light passing through the first portion of the light-passing 
area of the hologram. 

17. A compound objective lens according to claim 15 in 
which the grating pattern is formed in a step-wise shape 
having a plurality of stairs, 

15 a surface height of the second portion of the light-passing 
area of (be hologram in an optical direction is the same 
as a height of a stair selected from the stairs except a top 
stair and a bottom stair. 

18. A compound objective lens according to claim 1 in 
20 which a numerical aperture of the lens means is equal to or 

higher than 0.6. 
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19. A compound objective lens according to claim 
1 in which the focal points of the beams of divided light 
generated by the plural focal point generating means 
correspond to focal positions differing from each other in an 
optical axis direction. 

20. A compound objective lens according to claim 
1 in which two focal points selected from among the focal 
points of the beams of divided light generated by the plural 
focal point generating means correspond to two different 
positions from one of the first and second substrates. 

21. A compound objective lens according to 
claim 2 in which a numerical aperture of the lens means for 
the incident light converged at one focal point of the focal 
points differs from that for the incident light converged at 
another focal point of the focal points. 

22. A compound objective lens according to 
claim 2 in which the focal points generated by the 
hologram correspond to focal positions differing from each 
other in an optical axis direction. 

23. A compound objective lens according to 
claim 2 in which two focal points selected from among the 
focal points correspond to two positions placed far from a 
substrate at two different thicknesses. 

24. A compound objective lens according to 
claim 2 in which a numerical aperture of the lens means is 
equal to or higher than 0.6. 

25. An image optical system, comprising: 
a light source for radiating a beam of incident 
light of one particular wavelength; 

lens means, having a first convex surface and a 
second convex surface opposite to each other, for receiving 
the beam of incident light, which is radiated from the light 
source and passes through an optical axis, at the first 
convex surface, refracting the beam of incident light and 
emitting a beam of refracted light from the second convex 
surface; and 

plural focal point generating means for receiving 
the beam of incident light not yet refracted by the lens 
means, generating from the beam of incident light a 
plurality of beams of divided light including a first beam of 
divided light and a second beam of divided light, 
converging the beams of divided light at a plurality of focal 
points which are placed on the optical axis on a side facing 
the second convex surface of the lens means on condition 
that the first beam of divided light transmits through a first 
substrate and is converged on an information recording 
plane placed at a first distance Tl from a surface of the first 
substrate at a diffraction limit and that the second beam of 
divided light transmits through a second substrate and is 
converged on an information recording plane placed at a 
second distance T2 (Tl * T2) from a surface the second 
substrate at a diffraction limit. 



88 



26. An image optical system according to claim 25 
in which the plural focal point generating means is a 
hologram. 

27. An image optical system according to claim 26 
in which a plurality of beams of diffracted light having 
different diffraction orders are generated from the incident 
light in the hologram, and the beams of the diffracted light are 
converged at the focal points in one-to-one correspondence. 

28. An image optical system according to claim 27 
in which a beam of transmitted light which agrees with a 
beam of zero-order diffracted light generated by the hologram 
is converged at a first focal point of the focal points, and a 
beam of diffracted light generated bv the hologram is 
converged at a second focal point of the focal points. 

29. An image optical system according to claim 26 
in which a grating pattern is formed in the hologram in a 
concentric circle shape. 

30. A compound objective lens according to claim 
26 in which a positional relationship between the lens means 
and the hologram is fixed. 

3 1 . An image optical system according to claim 30 
in which the hologram is formed on a lens surface of the lens 
means. 

32. An image optical system according to claim 3 1 
in which the hologram is placed on a lens surface of the lens 
means which has a higher curvature than those of other lens 
surfaces of the lens means and is placed at a position nearer 
than those of the other lens surfaces of the lens means. 

33. An image optical system according to claim 3 1 
in which the hologram is placed on a lens surface of the lens 
means which has a lower curvature than those of other lens 
surfaces of the lens means and is placed at an opposite 
position of the lens means from the light source. 

34. An image optical system according to claim 25 
in which a numerical aperture of the lens means for the 
incident light converged at one focal point of the focal points 
differs from that for the incident light converged at another 
focal point of the focal points. 

35. An image optical system according to claim 34 
in which the plural focal point generating means is a 
hologram. 

36. An image optical system according to claim 35 
in which a grating pattern is formed in a first portion of a 
light-passing area of the hologram corresponding to an 
aperture of the lens means, and any grating pattern is not 
formed in a second portion of the light-passing area of the 
hologram. 

37. An image optical system according to claim 36 
in which a phase of the incident light passing through the 
second portion of the light-passing area of the hologram 
almost agrees with an average value of phases of the incident 
light passing through the first portion of the light-passing area 
of the hologram. 
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38. An image optical system according to claim 35 
in which a first diffraction efficiency of the hologram at a first 
region for the incident light differs from a second diffraction 
efficiency of the hologram at a second region for the incident 
light 

39. An image optical system according to claim 25 
in which a far field pattern of the incident light radiated from 
the light source is distributed to decrease an intensity of the 
incident light toward a peripheral portion of the beam, 

5 an intensity of the incident light passing through a 

central portion of the lens means is two or more times that of 
the incident light passing through a peripheral portion of the 
lens means. 

40. An image optical system according to claim 25 
in which the focal points generated by the plural focal point 
generating means correspond to focal positions differing from 
each other in an optical axis direction. 

41 . An image optical system according to claim 40 
in which the plural focal point generating means is a 
hologram. 

42. An image optical system according to claim 25 
in which two focal points selected from among the focal 
points correspond to two positions placed far from a substrate 
at two different thicknesses. 

43. An image optical system according to claim 42 
in which the plural focal point generating means is a 
hologram. 

44. An optical head apparatus, comprising: 

a light source for radiating a beam of incident 

light of one particular wavelength; 

lens means, having a first convex surface and a 
second convex surface opposite to each other, for receiving 
the beam of incident light, which is radiated from the light 
source and passes through an optical axis, at the first 
convex surface, refracting the beam of incident light and 
emitting a beam of refracted light from the second convex 
surface: and 

plural focal point generating means for receiving 
the beam of incident light not yet refracted by the lens 
means, generating from the beam of incident light a 
plurality of beams of divided light including a first beam of 
divided light and a second beam of divided light, 
converging the beams of divided light at a plurality of focal 
points which are placed on the optical axis on a side facing 
the second convex surface of the lens means on condition 
that the first beam of divided light transmits through a first 
substrate and is converged on an information recording 
plane placed at a first distance Tl from a surface of the first 
substrate at a diffraction limit and that the second beam of 
divided light transmits through a second substrate and is 
converged on an information recording plane placed at a 
second distance T2 (Tl * T2) from a surface of the second 
substrate at a diffraction limit; and 

a photo detector for receiving a plurality of 
beams of reflected light obtained by reflecting the beams of 
divided light converged on the information recording 
planes of the substrates by the plural focal point generating 
means and outputting an electric signal generated according 
to intensities o f the beams of reflected light. 
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45. An optical head apparatus according to claim 

44 in which the plural focal point generating means is a 
hologram. 

46. An optical head apparatus according to claim 

45 in which a plurality of beams of diffracted light having 
different diffraction orders are generated from the incident 
light in the hologram, and the beams of the diffracted light are 
converged at the focal points in one-to-one correspondence. 

47. An optical head apparatus according to claim 

46 in which a beam of transmitted light which agrees with a 
beam of zero-order diffracted light generated by the hologram 
is converged at a first focal point of the focal points, and a 
beam of diffracted light generated bv the hologram is 
converged at a second focal point of the focal points. 

48. An optical head apparatus according to claim 
45 in which a grating pattern is formed in the hologram in a 
concentric circle shape. 

49. An optical head apparatus according to claim 
48 in which the grating pattern is formed in a first portion of a 
light-passing area of the hologram corresponding to an 
aperture of the lens means, and another grating pattern is non- 
concentrically formed in a second portion of the light-passing 
area of the hologram to diffract the incident light. 

50. An optical head apparatus according to claim 
45 in which the hologram is a phase modulation type of 
diffraction device. 

51. An optical head apparatus according to claim 
50 in which a phase modulation degree of light passing 
through the hologram is lower than 2n radians. 

52. An optical head apparatus according to claim 
50 in which the hologram is a relief type of diffraction device. 

53. An optical head apparatus according to claim 
52 in which a height H of relief formed in the hologram is set 
to: 

H<x/(nava 

5 where a symbol k denotes a wavelength of the 

incident light and a symbol n(X) denotes a refractive index of 
a material of the hologram for the incident light having the 
wavelength and 

a difference in phase modulation degree of the 
10 incident light passing through the hologram is lower than 2n 
radians. 

54. An optical head apparatus according to claim 
52 in which a grating pattern of the hologram is formed in a 
step-wise cross sectional shape. 

55. An optical head apparatus according to claim 
54 in which the grating pattern of the hologram is formed in a 
concentric circle shape and is concentrically partitioned into a 
plurality of blocks, 

5 a phase modulation degree of the incident light 

passing through the grating pattern of the hologram varies in a 
step-wise shape of four stairs for each of blocks, and 
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a ratio of an etching width of a top stair to a length 
of the block and another ratio of an etching width of a bottom 
stair to the length of the block are respectively lowered toward 
an outer direction of the grating pattern of the hologram. 

56. An optical head apparatus according to claim 
54 in which the grating pattern of the hologram is formed in a 
concentric circle shape and is concentrically partitioned into a 
plurality of blocks, 

a phase modulation degree of the incident light 
passing through an inner portion of the grating pattern of the 
hologram varies in a step-wise shape of four inside stairs for 
each of blocks, 

the four inside stairs are composed of a top stair, a 
second stair, a third stair and a bottom stair in that order, 

a ratio of an etching width of a top stair to a length 
of the block and another ratio of an etching width of a bottom 
stair to the length of the block are respectively lowered toward 
an outer direction of the grating pattern in the inner portion of 
the hologram, 

another phase modulation degree of the incident 
light passing through an outer portion of the grating pattern of 
the hologram varies in a step-wise shape of two outside stairs 
for each of blocks, 

a height of an upper stair of the outside stairs agrees 
with that of the second stair, 

a height of a lower stair of the outside stairs agrees 
with that of the third stair, and 

a difference in width between the upper and lower 
stairs is increased toward the outer direction of the grating 
pattern in the outer portion of the hologram. 

57. An optical head apparatus according to claim 
54 in which the grating pattern of the hologram is formed in a 
concentric circle shape and is concentrically partitioned into a 
plurality of blocks, 

a phase modulation degree of the incident light 
passing through the grating pattern of the hologram varies in a 
step-wise shape of four stairs for each of blocks, and 

a ratio of an etching width of a top stair to a length 
of the block and another ratio of an etching width of a bottom 
stair to the length of the block are respectively lowered toward 
an inner direction of the grating pattern of the hologram. 

58. An optical head apparatus according to claim 
54 in which the grating pattern of the hologram is formed in a 
concentric circle shape and is concentrically partitioned into a 
plurality of blocks, 

a phase modulation degree of the incident light 
passing through an outer portion of the grating pattern of the 
hologram varies in a step-wise shape of four outside stairs for 
each of blocks, 

the four outside stairs are composed of a top stair, a 
second stair, a third stair and a bottom stair in that order, 

a ratio of an etching width of a top stair to a length 
of the block and another ratio of an etching width of a bottom 
stair to the length of the block are respectively lowered toward 
an inner direction of the grating pattern in the outer portion of 
the hologram, 

another phase modulation degree of the incident 
light passing through an inner portion of the grating pattern of 
the hologram varies in a step-wise shape of two inside stairs 
for each of blocks, 

a height of an upper stair of the inside stairs agrees 
with that of the second stair, , 



0 < 

a height of a lower stair of the inside stairs agrees 
with that of the third stair, and 

a difference in width between the upper and lower 
stairs is increased toward the inner direction of the grating 
pattern in the inner portion of the hologram. 

59. An optical head apparatus according to claim 
50 in which the hologram a phase modulation type of 
diffraction device made of a liquid crystal cell. 

60. An optical head apparatus according to claim 
50 in which the hologram means is a phase modulation type 
of diffraction device placed on a substrate made of a 
birefringence material. 

61. An optical head apparatus according to claim 
45 in which the hologram is arranged on a plane, and an 
optical axis of the lens means is not in parallel with a normal 
line of the plane. 

62. An optical head apparatus according to claim 
45 in which a positional relationship between the lens means 
and the hologram is fixed. 

63. An optical head apparatus according to claim 
62 in which the hologram is formed on a lens surface of the 
lens means. 



64. An optical head apparatus according to claim 
63 in which the hologram is placed on a lens surface of the 
lens means of which a curvature is higher than those of other 
lens surfaces of the lens means. 

65. An optical head apparatus according to claim 
63 in which the hologram is placed on a lens surface of the 
lens means of which a curvature is lower than those of other 
lens surfaces of the lens means. 

66. An optical head apparatus according to claim 
44 in which a numerical aperture of the lens means for the 
incident light converged at one focal point of the focal points 
differs from that for the incident light converged at another 
focal point of the focal points. 

67. An optical head apparatus according to claim 

66 in which the plural focal point generating means is a 
hologram. 

68. An optical head apparatus according to claim 

67 in which a grating pattern is formed in a first portion of a 
light-passing area of the hologram corresponding to an 
aperture of the lens means, and any grating pattern is not 
formed in a second portion of the light-passing area of the 
hologram. 

69. An optical head apparatus according to claim 

68 in which a phase of the incident light passing through the 
second portion of the light-passing area of the hologram 
almost agrees with an average value of phases of the incident 
light passing through the first portion of the light-passing area 
of the hologram. 

70. An optical head apparatus according to claim 
68 in which the grating pattern is formed in a step-wise shape 
having a plurality of stairs, . 



a surface height of the second portion of the light- 
5 passing area of the hologram in an optical axis direction is the 
same as a height of a stair selected from the stairs except a top 
stair and a bottom stair. 



71. An optical head apparatus according to claim 
67 in which a first diffraction efficiency of the hologram at a 
first region for the incident light differs from a second 
diffraction efficiency of the hologram at a second region for 
the incident light 

72. An optical head apparatus according to claim 
7 1 in which a grating pattern of the hologram is concentrically 
formed, the hologram is a phase modulation type of 
diffraction device, and a phase modulation degree in an outer 
portion of the grating pattern of the hologram is lower than 
that in an inner portion of the grating pattern of the hologram. 

73. An optical head apparatus according to claim 
71 in which a grating pattern of the hologram is concentrically 
formed, the hologram is a phase modulation type of 
diffraction device, and a phase modulation degree in an inner 
portion of the grating pattern of the hologram is lower than 
that in an outer portion of the grating pattern of the hologram. 

74. An optical head apparatus according to claim 
44 in which a far field pattern of the incident light radiated 
from the light source is distributed to decrease an intensity of 
the incident light toward a peripheral portion of the beam, 

5 an intensity of the incident light passing through a 

central portion of the lens means is two or more times that of 
the incident light passing through a peripheral portion of the 
lens means. 



75. An optical head apparatus according to claim 
44 in which the focal points generated by the plural focal 
point generating means correspond to focal positions differing 
from each other in an optical axis direction. 

76. An optical head apparatus according to claim 
75 in which the plural focal point generating means is a 
hologram. 

77. An optical head apparatus according to claim 
44 in which two focal points selected from among the focal 
points correspond to two positions placed inside a substrate at 
two different thicknesses. 

78. An optical head apparatus according to claim 

77 in which the plural focal point generating means is a 
hologram. 

79. An optical head apparatus according to claim 

78 in which the lens means converges a beam of transmitted 
light obtained by passing the incident light through the 
hologram on an information recording plane placed far from a 

5 substrate surface by a first thickness Tl, and the hologram 
converges a beam of diffracted light obtained by diffracting 
the incident light in the hologram and refracting the incident 
light in the lens means on another information recording plane 
placed far from the substrate surface by a second thickness T2 
10 (T1<T2). 



80. An optical head apparatus according to claim 
78 in which the hologram converges a beam of diffracted light 



obtained by diffracting the incident light in the hologram and 
refracting the incident light in the lens means on another 
information recording plane placed far from the substrate 
surface by a first thickness Tl, and the lens means converges 
a beam of transmitted light obtained by passing the incident 
light through the hologram on an information recording plane 
placed far from a substrate surface by a second thickness T2 
(T1<T2). 

81. An optical head apparatus according to claim 44 in which the photo detector is 
arranged close to the light source, 

82. An optical head apparatus according to claim 
44 in which the incident light linearly polarized is radiated 
from the light source, and 

the optical head apparatus, further comprising: 

a polarized beam splitter for totally transmitting a 
beam of light linearly polarized in a first direction and totally 
reflecting a beam of light linearly polarized at a second 
direction perpendicular to the first direction; and 

a 1/4-X, plate for changing the light transmitting 
through or reflected by the polarized beam splitter to a beam 
of light circularly polarized in a rotational direction, wherein 
the incident light linearly polarized in a third direction 
agreeing with the first or second direction is circularly 
polarized in a first rotational direction by the 1/4-X plate, die 
light circularly polarized in the first rotational direction is 
converged on the information mediums by the lens means and 
the plural focal point generating means to form a beam of 
light circularly polarized in a second rotational direction 
opposite to the first rotational direction, the light circularly 
polarized in the second rotational direction is changed to the 
light linearly polarized in a fourth direction perpendicular to 
the first direction by the 1/4-X plate, and the light linearly 
polarized in the fourth direction is totally reflected by or 
transmits through the polarized beam splitter to be incident on 
the photo detector. 

83. An optical head apparatus according to claim 
44 in which the photo detector comprises: 

a servo signal detector for detecting a servo signal 
included in one of the reflected light; and 

another signal detector arranged at a periphery of 
the servo signal detector for detecting another signal included 
in another one of the reflected light 

84. An optical head apparatus according to claim 
44 in which the photo detector comprises: 

a signal detector for detecting a focus error signal 
and a tracking error signal included in the reflected light, 

85. An optical head apparatus according to claim 
44, further comprising: 

reshaping means for reshaping the incident light 
radiated from the light source, the incident light reshaped 
being refracted by the lens means. 

86. An optical disk, comprising * 

an information recording sttpstrate partitioned into 
a first region and a second region^ the first region having a 
first thickness Tl, and the^coqfj region having a second 
thickness T2 larger than the ; ftwffhickness Tl; 

a plurality of first recording pits placed at the first 
region of the information recording substrate for recording 
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pieces of recording information at a high recording density; 
and / 

10 a plurality of second recording piu/placed at the 

second region of the information recording substrate for 
recording pieces of distinguishing inforrp&on at an ordinary 
recording density which is lower than the high recording 
density, the distinguishing information* informing that the first 

15 region of the information jieconjHig substrate has the first 
thickness Tl. 

87. An opticalhisC comprising: 
an~infonnation^feeol9ing substrate having a thin 
thickness, the thin thigfoiess of the information recording 
substrate being thinne/than that of a compact disk; 
5 a plurality of first recording pits placed at a first 

region of the information recording substrate for recording 
pieces of recording information at a high recording density; 
and ~7 

^plurality of second recording pits placed at a 
10 second region of the information recording substrate for 
recording pieces of distinguishing information at a low 
recopoing density, the distinguishing information informing 
thy he first region of the information recording substrate has 
Re thin thickness. 



88. An optical disk apparatus, comprising:/ 

rotating means for rotating an information* medium 
which has aTirst thickness Tl or a second thickness T2 larger 
than the first thickness Tl ; 
5 an optical head apparatus having an Objective lens 

for reading an information signal, a focus error signal and a 
tracking error signal from the information medium rotated by 
the rotating means through the objective lens; 

moving means for moving /the optical head 
10 apparatus; / 

connecting means for connecting the rotating 
means and the moving means with /an electric source to 
supply an electric power to the rotating means and the moving 
means; ~J 
15 actuating means for actuating the objective lens of 

the optical head apparatus; ^ 

focus control means for controlling the actuating 
means to perform a first focus' control of the optical head 
apparatus corresponding to the first thickness Tl of the 
20 information medium and a second focus control of the optical 
head apparatus corresponding to the second thickness T2 of 
the information medium according to the focus error signal 
read by the optical head apparatus; 

tracking control/means for controlling the actuating 
25 means to perform a first /tracking control of the optical head 
apparatus corresponding to the first thickness Tl of the 
information medium and a second tracking control of the 
optical head apparatus^corresponding to the second thickness 
T2 of the information^medium according to the tracking error 
30 signal read by the opneal head apparatus; 

detecting/ means for detecting whether the 
information medium has the first thickness Tl or the second 
thickness T2; and ^ 

changing means for switching from the second 
35 focus and tracking controls performed by the focus control 
means and the/tracking control means to the first focus and 
tracking controls performed by the focus control means and 
the tracking control means according to the detection of the 
detecting means. 
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89. An optional disk apparatus according to claim 
88 in which the second focus control and the second tracking , 
control corresponding to the second thickness T2 
performed by the focus control means and the tracking con 

5 means, a piece of distinguishing information inforrrupg the 
thickness of the information medium is detectey by he 
detecting means, and the focus control means and . me tracking 
control means perform the first focus control/and the first 
tracking control corresponding to the first thjclcness Tl under 
10 the control of the changing means ijr case where the 
distinguishing information informs jthat the information 
medium has the first thickness Tl . 

90. An optical diA^apgaratus according to claim 
88 in which the second focijKiWtrol and the second tracking 
control corresponding yf the second thickness T2 are 
performed by the focus/control means and the tracking control 

5 means to read an/ information signal recorded in the 
information medium, and the focus control means and the 
tracking control/means perform the first focus control and the 
first tracking /Control corresponding to the first thickness Tl 
under the control of the changing means in case where an 
10 intensityyO^f the information signal is less than a constant 
value. 

91. An optical disk apparatus according to claim 
which an optical head apparatus has a plurality of focal 

pints. 



— 
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92. An optical disk apparatus, comprising: 
rotating means for rotating an information jyfedium 

which haslTfirst thickness Tl or a second thickness tl larger 
than the first thickness Tl ; 
5 an optical head apparatus having an objective lens 

for converging a beam of incident light at a plurality of focal 
points and reading an information signal, a focus error signal 
and a tracking error signal from the information medium 
rotated by the rotating means; / 

10 moving means for moving/ the optical head 

apparatus; f 

connecting means for connecting the rotating 
means and the moving means with an electric source to 
supply an electric power to the rotating means and the moving 

15 means; / 

actuating means for actuating the objective lens of 
the optical head apparatus; / 

focus control means for controlling the actuating 
means to perform a first fdcus control of the optical head 

20 apparatus corresponding t6 the first thickness Tl of the 
information medium and a'second focus control of the optical 
head apparatus corresponding to the second thickness T2 of 
the information medium according to the focus error signal 
read by the optical head apparatus; and 

25 tracking control means for controlling the actuating 

means to perform a/first tracking control of the optical head 
apparatus corresponding to the first thickness Tl of the 
information medium and a second tracking control of the 
optical head apparatus corresponding to the second thickness 

30 T2 of the information medium according to the tracking error 
signal read by fee optical head apparatus. 

93. An optical disk apparatus according to claim 
92 in which the objective lens ot the optical head apparatus is 
moved in a direction to the /information medium by the 
moving means, and the objective lens of the optical head 



"7 



97 



apparatus is focused on the information medium by the 
actuating means under the contfcl of the focus control means 
to decrease an intensity of th| focus error signal to zero in 
case where the intensity of trfe focus error signal exceeds a 
threshold. I 



1 




94. An optical disk apparatus according to clain 
92 in which the optical head apparatus comprises: 

the objective lens for refracting the incident ligflt; 

and 

a hologram for converging the incident /tight 
refracted by the lens means at a plurality of focal pointy 
are placed at one side of the lens means. 

95. An optical disk apparatus according to claim 

94 in which a plurality of beams of diffracted li&ht having 
different diffraction orders are generated from ihe incident 
light in the hologram, and the beams of the diffracted light are 
converged at the focal points in one-to-one correspondence^ 

96. An optical disk apparatus according to claim 

95 in which a beam of transmitted light wKich agrees with a 
beam of zero-order diffracted light generated by the hologram 
is converged at a first focal point of the* focal pointsT and a 
beam of diffracted light generated /by the hologram is 
converged at a second focal point of the focal points. 




is according to claim 
tween the lens means 



97. An optical diskfapp 
94 in which a positional relahofistup/l 
and the hologram is fixed. 



98. An optical disy apparatus according to claim 
97 in which the hologram is/formed on a lens surface of the 
lens means. 

99. An optica/disk apparatus according to claim 
92 in which a numerical Aperture of the optical head apparatus 
for a beam of light converged at one focal point of the focal 



for another focal point of the focal 



points differs from tha 
points. 



100. An^ptical disk apparatus according to claim 
99 in which the optical head apparatus comprises: 

lens means for refracting the incident light; and 
hologfem for converging the incident light refracted 
by the lens means at a plurality of focal points which are 
placed at one /ide of the lens means! 

ljfll. An optical disk apparatus according to claim 
92 in v/hijh the focal points of the optical head apparatus 
correspona to focal positions differing from each other in an 
optical axis direction. 

102. An optical disk apparatus according to claim 
[ which the optical head apparatus comprises: 

lens means for refracting the incident light; and 
a hologram for converging the incident light 



acted by the lens means at a plurality of focal points which 
: placed at one side of the lens means. 



103. An optical disk apparatus according to claim 
r 92 in which two focal points selected from among the focal 
points correspond to two positions placed far from a substrate 
at two different thicknesses. 
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1 04. An optical disk apparatus according to clym 
1 03 in which the optical head apparatus comprises: 

lens means for refracting the incident light; and 
hologram for converging the incident light refiracted 
5 by the lens means at a plurality of focal points wych are 
placed at one side of the lens means. 

1 05. An information reproducing method 
comprising the steps of: 

radiating a beam of incident light fifcm a light 

source; 

5 refracting the incident light radiated from the light 

source by lens means; 

converging the incident light refraded by the lens 
means at a plurality of focal points which Are placed at an 
opposite side of the lens means from the ligtp source to form a 
10 plurality of micro spots on a plurality of information mediums 
placed inside a substrate at different thicknesses; 

receiving a plurality of beaife of reflected light 
obtained by reflecting the incident lifot converged on the 
information mediums; 
15 reproducing a plurality hf information signals 

recorded in the information mediuips according to intensities 
of the reflected light 

M 106. A microscope comprising: 

%P lens means having a plurality of focal points; 

£f! an ocular lens for re&iving a beam of light from a 

Ci plurality of planes through W lens/means and observing the 

5 planes, the planes being fofcedA a plurality of positions 
different in an optical axis fo/ection. 
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107. A microscope comprising: 
lens means having a plurality of focal points; 
photographing/means for receiving beam of light 
from a plurality of pfanes through the lens means and 
photographing the places, the planes being placed at a 
plurality of positions different in an optical axis direction. 



ns differ 
i exposir 



108. An exposing apparatus comprising: 

an alignn/ent light source for radiating a plurality of 
beams of alignment light to illuminate a photomask and a 
sample placed at (fifferent points in an optical axis direction; 
5 lens means for refracting the alignment light 

generated "by die light source and diverging from the 
photomask and^ne sample; 

lighl superposing means for superposing the 
alignment li^it refracted by the lens means to form a beam of 
10 superposed light; 

ocular lens for converging the superposed light 
generated joy the light superposing means; 

/ aligning means for aligning the photomask and the 
sample according to the superposed light photographed by the 
15 photographing means; 

an exposure light for radiating a beam of exposure 

light; fad 

exposing means for exposing a photo sensitive 
mate/ial coated on the sample which is aligned with the 
20 photomask by the aligning means. 

1 09. An exposing apparatus comprising: 
an alignment light source for radiating a plurality of 

of alignment light to illuminate a photomask and a 
ale placed at different points in an optical axis direction; 
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5 lens means for refracting the alignment light 

generated by the light source and diverging from ye 
photomask and the sample; 

light superposing means for superposing/ the 
alignment light refracted by the lens means to form a beam of 
10 superposed light; 

photographing means for photographing the 
superposed light generated by the light superposing means; 

aligning means for aligning the photomask and the 
sample according to the superposed light converged by the 
15 ocular lens; 

an exposure light source for radiatjhg a beam of 
exposure light; and 

exposing means for exposing a /photo sensitive 
material coated on the sample which is Aligned with the 
20 photomask by the aligning means to me exposure light 
radiated from the exposure light source. 

110. An image reproducing apparatus, comprising: 
rotating means for rotating an information medium 
which has a first thickness Tl or a second thickness T2 larger 
than the first thickness Tl ; 
5 an optical head apparatus^ having an objective lens 

for converging a beam of incident/light at a plurality of focal 
points and reading an image information signal, a focus error 
signal and a tracking error signal from the information 
medium rotated by the rotating rfieans; 
10 moving means fcof moving the optical head 



15 



connecting means^for connecting the rotating 
means and the moving means with an electric source to 
supply an electric power toihe rotating means and the moving 
means; 7 

actuating means for actuating the objective lens of 
the optical head apparatus; 

focus control/ means for controlling the actuating 
means to perform a first focus control of the optical head 
20 apparatus corresponding to the first thickness Tl of the 
information medium .and a second focus control of the optical 
head apparatus corresponding to the second thickness T2 of 
the information medium according to the focus error signal 
read by the optical/head apparatus; 
25 tracking? control means for controlling the actuating 

means to perform a first tracking control of the optical head 
apparatus corresponding to the first thickness Tl of the 
mforrnation medium and a second tracking control of the 
optical head apparatus corresponding to the second thickness 
30 T2 of the information medium according to the tracking error 
signal read by the optical head apparatus; and 

displaying means for reproducing the image 
information signal read by the optical head apparatus as an 
image. 

1 1 1 . A voice reproducing apparatus, comprising: 
rotating means for rotating an information medium 
which /has a first thickness Tl or a second thickness T2 larger 
than tne first thickness Tl ; 
5 7 an optical head apparatus having an objective lens 

fori onverging a beam of incident light at a plurality of focal 
points and reading a voice information signal, a focus error 
sifenal and a tracking error signal from the information 
rfiedium rotated by the rotating means; 
10 / moving means for moving the optical head 
/ apparatus; 
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connecting means for connecting the rotatin 
means and the moving means with an electric source /to 
supply an electric power to the rotating means and the moyng 



means: 



actuating means for actuating the objective \fns of 
the optical head apparatus; 

focus control means for controlling the actuating 
means to perform a first focus control of the optical head 



20 apparatus corresponding to the first thickness 



of the 



information medium and a second focus control of/the optical 
head apparatus corresponding to the second micKness T2 of 
the information medium according to the focuy error signal 
read by the optical head apparatus; 

tracking control means for controlling the actuating 
means to perform a first tracking control of ihe optical head 
apparatus corresponding to the first thickness Tl of the 
information medium and a second tracking control of the 
optical head apparatus corresponding to tire second thickness 
T2 of the information medium according/to the tracking error 
signal read by the optical head apparatus; and 

voice reproducing means fo/ reproducing the voice 
information signal read by the oppcal head apparatus as 
voices. 
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112. An infortoion processing apparatus, 
comprising: 

rotating means for rtyatifljf an information medium 
which has a first thickness Thor a second thickness T2 larger 
than the first thickness Tl ; "~7 

an optical head apparatus having an objective lens 
for converging a beam of ^incident light at a plurality of focal 
points and reading an information signal, a focus error signal 
and a tracking error signal from the information medium 
rotated by the rotating oceans; 

moving means for moving the optical head 

apparatus; 

conne 
means and the 



means for connecting the rotating 
oving means with an electric source to 



supply an electriypower to the rotating means and the moving 
means; 

actuating means for actuating the objective lens of the optical 



head i 



means to 



control means for controlling the actuating 
form a first focus control of the optical head 



apparatus/ corresponding to the first thickness Tl of the 
information medium and a second focus control of the optical 
head apparatus corresponding to the second thickness T2 of 
the information medium according to the focus error signal 
read ft/ the optical head apparatus; 

tracking control means for controlling the actuating 
us to perform a first tracking control of the optical head 
atus corresponding to the first thickness Tl of the 
information medium and a second tracking control of the 
optical head apparatus corresponding to the second thickness 
{T2 of the information medium according to the tracking error 
signal read by the optical head apparatus; and 

information processing means for processing the 
information signal read by the optical head apparatus as an 
image. 



1 13. An optical head apparatus, comprising: 

a light source for radiating a beam of incident 

light; J 

a first optical disk having a transparent substrate 
of a first thickness Tl and an information recording plane; 
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a second optical disk haying a transparent 
substrate of a second thickness T2 /ower than the first 
thickness Tl (T2<T1) and an information recording plane; 

an objective lens, partitioned into a plurality of 

10 light passing regions including a firlt light passing region 
and a second light passing I region respectively 
corresponding to a distance from fan optical axis of the 
beam of incident light radiated frcjn the light source, for 
receiving the beam of incident light radiatedfrom the light 

15 source, converging the beam of incident light, which passes 
through the second light passing region and the transparent 
substrate of the second optical disk, at the information 
recording plane of the second opt&al disk, and converging 
the beam of incident light, which! passes through the first 

20 light passing region and the transparent substrate of the first 
optical disk, at the information recording plane of the first 
optical disk; and 

a photo detector for/ detecting the beam of 
incident light, which is converged at the information 

25 recording plane of the first optical disk and the information 
recording plane of the second optical disk by the objective 
lens and is reflected by the firstjbptical disk and the second 
optical disk, to obtain first information recorded in the 
information recording plane of the first optical disk and 

30 second information recorded ifl the information recording 
plane of the second optical disk 



114. An optical head apparatus according to 
claim 1 13 in which the sec^ncUfght passing region of the 
objective lens is placed on jrfT^er-most periphery of the 



•espont 
on eytfn 



objective lens coiTesrx)ngfcg^to the distance furthest from 



the optical axis amonatfiose of the light passing regions. 



1 15. An optical disk apparatus, comprising: 

a" light source for radiating a beam of incident 
MS ' I 

a first optical disk having a transparent substrate 
5 of a first thickness Tl and an information' recording plane; 

a second optical disk having a transparent 
substrate of a second thickness T2 lower than the first 
thickness Tl (T2<TO and an information recording plane; 

rotating means for rotating the first optical disk or 
10 the second optical disk; / 

an optical head apparatus./which comprises 

an objective lens, partitioned into a plurality of 
light passing regions including I first light passing region 
and a second light passing region respectively 
15 corresponding to a distance from an optical axis of the 
beam of incident light radiated from the light source, for 
receiving the beam of incident light radiated from the 
light source, converging the beam of incident light, which 
passes through the second light passing region and the 
20 transparent substrate of/the second optical disk, at the 
information recording plane of the second optical disk, 
and converging the beam of incident light, which passes 
through the first light/passing region and the transparent 
substrate of the first optical disk, at the information 
25 recording plane of the first optical disk; and 

a photo detector for detecting the beam of 
incidenMieht which is converged at the information 
recording plane oflthe first optical disk or the information 
recording plane / of the second optical disk by the 
30 objective lens and is reflected by the first optical disk or 
the second optical disk; 



102 

focus control means for performing a first focus 
control of the optical head apparatus corresponding to the 
first thickness Tl of the first optical disk and a second 
focus control of the optical head apparatus corresponding 
to the second thickness T2 of the /second optical disk 
according to the beam of incident jight detected by the 
photo detector; / 

tracking control means for performing a first 
tracking control of the optical head apparatus 
corresponding to the first thickness Tl of the first optical 
disk and a second tracking conjrol of the optical head 
apparatus corresponding to the second thickness T2 of the 
second optical disk according o the beam of incident 



light detected by the photo detec 



information detecting 



or; and 
means for judging 



photo detector of the optical 


rfead apparatus, for which 


the first focus control and the 


second focus control of the 


focus control means and the fu&t tracking control and the 


second tracking control of the 


cracking control means are 


performed, whether the bean 


1! of incident light radiated 


from the light source is cor 


Merged at the information 


recording plane of the first op 


ical disk or the information 


recording plane of the secon 


i optical disk, reproducing 


first information recorded in 


the information recording 


plane of the first optical disk 


from the beam of incident 


light detected by the photo d 


etector in cases where it is 


judged that the beam of incident light radiated from the 


light source is converged af 


the information recording 



information recorded in thef information recording plane 
of the second optical disk fifom the beam of incident light 
detected by the photo detector in cases where it is judged 
that the beam of incident flight radiated from the light 
source is converged at the Information recording plane of 
the second optical disk, and 

moving means for moving the optical head 
apparatus. 



1 16. An optical head apparatus, comprising/ 
a laser light source for radiating a bTam of 
incident light; 7 

a first information medium having an information 
recording plane and a transparent substrate^ of a first 
thickness Tl , a thickness of the first infornfation medium 
being set to Tl; ~7 

a second information medium having an 
information recording plane and a transparent substrate of 
a second thickness T2 smaller thaif the first thickness Tl 
(T2<T1), a thickness of the, second information medium 
being set to T2; and / / 

a light focusing orjtical system, in which an 
objective lens comprises: S/7 

a first lens region, corresponding to a numerical 
aperture NA1, for focusing the beam of incident light 
radiated from the laser light source on the information 
recording plane of/the first information medium through 
the transparent substrate of the first information medium 
as a light spot for the purpose of reading out first 
information from the first information medium; 

a jSecond lens region, corresponding to a 
numerical^ aperture NA2 higher than the numerical 
aperture/NAl (NA1<NA2), for focusing the beam of 
incident light radiated from the laser light source on the 



cideni 
fonfe 



information recording plane of the second information 
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medium through the transparent substrate of the secon 
information medium as a light spot for the purpose/of 
reading out second information from the seqfond 
30 information medium; and 

a third lens region which corresponds/ to a 
numerical aperture NA3 satisfying NA1<NA3<NA2 and 
is unified with the second lens region of the objecftve lens 
through a discontinuous plane. 

117. An optical head apparatus aborting to 
claim 1 16 in which 

the objective lens of the light focusing optical 
system further comprises a fourth /lens region, 
5 corresponding to the numerical apertu/e NA2 or a 
numerical aperture higher than NA2. for/ converging the 
beam of incident light radiated from the laser light source 
on the information recording plane/ of the second 
information medium through the transparent substrate of 
10 the second information medium as /a light spot at a 
diffraction limit. 

118. An optical head apparatus according to 
claim 1 16Tn which the objective lens of the light focusing 
optical system further comprises/ a fourth lens region, 
corresponding to the numerical aperture NA3 or a 

5 numerical aperture lower than &A3, for converging the 
beam of incident light radiated irom the laser light source 
on the information recording pfane of the first information 
medium through the trafepkrent substrate of the first 
information medium as a flight sp^t at a diffraction limit. 

119. An objective lens for an optical head 
apparatus, comprising: / 

a first lens region corresponding to a numerical 
aperture ~NAI for focusing a beam of incident light 
5 radiated from a laser /light source on an information 
recording plane of a first information medium through a 
transparent substrate /of the first information medium 
having a first thickness TI for the purpose of reading out 
first information frorft the first information medium; 
10 a second / lens region, corresponding to a 

numerical - aperture NA2 higher than the numerical 
aperture NA1 (N?A1<NA2), for focusing the beam of 
incident light radiated from the laser light source on an 
information recording plane of a second information 
15 medium through a transparent substrate of the second 
information medium having a second thickness T2 smaller 
than the first/ thickness Tl (T1>T2) for the purpose of 
reading out/ second information from the second 
information ^medium; and 
20 a ihird lens region which corresponds to a 

numericaijaperture NA3 satisfying NA1<NA3<NA2 and 
is unified with the second lens region through a 
discontinuous plane. 

uu !i u_H 

120. An objective lens for an optical head 
appar/tus according to claim 1 1 9, further comprising: 

a fourth lens region, corresponding to the 
numerical aperture NA2 or a numerical aperture higher 
thaij NA2, for converging the beam of incident light 
radiated from the laser light source on the information 
recording plane of the second information medium 
ttfrough the transparent substrate of the second 
information medium as a light spot at a diffraction limit. 
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121. An objective leny'Tor an optical head 
apparatus according UiNplaini U^, further comprising: 

a fourth /ens rggion, corresponding to the 
numerical aperturelNftft/or a numerical aperture lower 
than NA3, for co^fefging the beam of incident light 
radiated from the laser light source on the information 
recording plane of the first information medium through 
the transpal-ent substrate of the first information medium 
as a lifffit spot a\ a diffraction limit 



122. An optical disk apparatus, comprising: 
a laser light source for radiating p. beam of 
incident light; 

a first information medium having ah information 
5 recording plane and a transparent substrate of a first 
thickness Tl, a thickness of the first infor/nation medium 
being set to Tl; 

a second information medium having an 
information recording plane and a transparent substrate of 

10 a second thickness T2 smaller than the first thickness Tl 
(T2<T1), a thickness of the second information medium 
being set to T2; / 

rotating means for rotating Ahe first information 
medium or the second information medium; 

15 an optical head apparatus, ^hich comprises 

a light focusing optical /system, in which an 
objective lens comprises: j 

a first lens region, corresponding to a numerical 
aperture NA1, for focusing the" beam of incident light 

20 radiated from the laser light source on the information 
recording plane of the first information medium through 
the transparent substrate of the first information medium 
as a light spot for the purpose of reading out first 
information from the first information medium; 

25 a second lens region, corresponding to a 

numerical aperture NA2 ^higher than the numerical 
aperture NA1 (NAl<NA2jj for focusing the beam of 
incident light radiated from the laser light source on the 
information recording plane of the second information 

30 medium through the transparent substrate of the second 
information medium as a light spot for the purpose of 
reading out second information from the second 
information medium; and 

a third lens region which corresponds to a 

35 numerical aperture NA3 satisfying NA1<NA3<NA2 and 
is unified with the second lens region of the objective lens 
through a discontinuous plane; 

focus control/Zmeans for performing a first focus 
control of the optical /head apparatus corresponding to the 

40 first thickness Tl of lithe first information medium and a 
second focus control of the optical head apparatus 
corresponding to the second thickness T2 of the second 
information mediufo according to the beam of incident 
light detected by the photo detector; 

45 tracking control means for performing a first 

tracking control? of the optical head apparatus 
corresponding tcf the first thickness Tl of the first 
information medium and a second tracking control of the 
optical head apparatus corresponding to the second 

50 thickness T2 of/the second information medium according 
to the beam of incident light detected by the photo 
detector; and | 

information detecting means for judging 
according^ to me beam of incident light detected by the 

55 photo detectoiof the optical head apparatus, for which the 
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first focus control and the second fcfcus control of the 
focus control means and the first tracking control and the 
second tracking control of the tracking control means are 
performed, whether the beam of incident light radiated 
from the light source is converged at the information 
recording plane of the first information medium or the 
information recording plane of/the second information 
medium, reproducing the first information recorded in the 
information recording plane hf the first information 
medium from the beam of incident light detected by the 
photo detector in cases wheren is judged that the beam of 
incident light radiated from t|e light source is converged 



at the information recording 
medium, a nd reproducinj 



plane of the first information 
the second information 



70 recorded in the information Acording plane of the second 
information medium from /the beam of incident light 
detected by the photo detedbr in cases where it is judged 
that the beam of incident flight radiated from the light 
source is converged at the ^formation recording plane of 
the second information mepium; and 

moving means far moving the optical head 



apparatus. 



123. An optical head apparatus, coi 
a light source for radiating a bej 



light; 

a first information medium having 
recording plane and a transparent sub: 




sing: 

of incident 



information 
ite of a first 



thickness Tl, a thickness of the first infoflnation medium 
being set to TI; 

a second information medium having an 
information recording plane and a transparent substrate of 
a second thickness T2 smaller than the/first thickness Tl 
(T2<T1), a thickness of the second information medium 
being set to 72; 

a light focusing optical system for focusing the 
beam of incident light radiated fromjfthe light source on 
the information recording plane of jhe first information 
medium or the second information/medium through the 
transparent substrate of the first Ithickness Tl or the 
transparent substrate of the secondfthickness T2, the light 
focusing optical system comprising 

an optical device for minimizing an aberration 
occurring in the beam of incidentflight in cases where the 



beam of incident light passing \ 
transmits through the tran spare 



irough the optical device 
substrate of the second 



information medium and is focused on the information 



recording plane of the second information medium, and 

a ring-shaped band, plSced on at least one surface 
of the optical device, for shifting a phase of the beam of 
incident light passing throughjfthe optical device to reduce 
a wavefront aberration causedf by a difference between the 
thickness Tl of the first information medium and the 
thickness T2 of the second ^Information medium in cases 
where the beam of incident light passing through the 
optical device transmits through the transparent substrate 
of the first information njedium and is focused on the 
information recording pjane of the first information 
medium; and 

a photo detectfir for detecting the beam of 
incident light which isjf converged on the information 
recording plane of theftirst information medium or the 
information recording fglane of the second information 
medium by the light focusing optical system and is reflect 
by the first informatio n mediu m or the second information 
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medium to reproduce information! recorded in the first 
information medium or the second ftiformation medium. 



w/re; 



124. An optical head apparatus, comprising: 
a light source for radiating a beam of inc>< 



lent 



fight; 

a first information medium having an information 
recording plane and a transparent substrate gf a first 
thickness Tl, a thickness of the first information medium 
being set to Tl; 

a second information medium/ having an 
information recording plane and a transparent substrate of 

st thickness Tl 
rmation medium 



a second thickness T2 smaller than the 
(T2<T1), a thickness of the second in 
being set to T2; 

a light focusing optical system having an optical 
device for receiving the beam of incident light radiated 
from the light source, adjusting a first region of the optical 
device to focus the beam of inci/ent light passing through 
the first region of the optical >device and the transparent - 



substrate of the first infi 



medium or^the_second 



information medium on! the^ftformation recording plane - 
" of the firsT information rrWtimvor the second information 
medium .for- the purp6se^of the reproduction of 



information recorded ir 
the second informatioi 



r the first information medium or 
nedium, adjusting a second region 



of the optical device .placed at a position further from an 
optical axis of the beam of incident light radiated from the 
light source than tfiat of the first region of the optical 
device to focus the* beam of incident light passing through 
the second region* of the optical device and the transparent 
substrate of rife second information medium on the 
information recording plane of the second information 
medium ioxf the purpose of the reproduction of 
information yfecorded in the second information medium; 
and 

a/ photo detector for detecting the beam of 
incident /tight, which is converged on the information 
recording plane of the first information medium or the 
information recording plane of the second information 
medium by the light focusing optical system and is reflect 
by thfe first information medium or the second information 
medium, to reproduce information recorded in the first 
information medium or the second information medium. 



125. An optical head apparatus according to 
cAim 123 in which the optical device of the light focusing 
Optical system is an objective lens. 
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126. An optical head apparatA comprising: 

a light source for radiating fa beam of incident 
light; / 

a first information medium having an information 
recording plane and a transparent/ substrate of a first 
thickness Tl a thickness of the first information medium 
being set to Tl; 

a second information J medium having 
information recording plane and ajtransparent substrate of 
a second thickness T2 smaller than the first thickness Tl 
(T2<TQ, a thickness of the second in formation medium 
being set to T2; 

a light focusing optical/svstem for receiving the 
beam of incident light radiated from the light source and 
focusing the beam of incident/ light on the information 
recording plane of the first information medium or the 
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second information medium through ffhe transparent 
substrate of the first thickness Tl or/I the transparent 
substrate of the second thickness 1X2 to read out 

20 information recorded in the first information medium or 
the second information medium, the ifght focusing optical 
system comprising ft 

a phase adjusting device, formed in a ring-band 
shape, for shifting a part of the beam of incident light 

25 radiated from the light source, and f 

an objective lens, havmg a light converging 
performance so as to converge tn'e beam of incident light 
radiated from the light source on the information 
recording plane of the second information medium 

30 through the transparent substrate of the second thickness 
T2 at a diffraction limit, fort converging the beam of 
incident light, of which the part is shifted by the phase 
adjusting device, on the info/mation recording plane of 
the first information medium! or the second information 

35 medium through the transparent substrate of the first 
thickness Tl or the transparent substrate of the second 
thickness T2; and jj 

a photo detector for detecting the beam of 
incident light, which is converged on the information 

40 recording plane of the first' information medium or the 
information recording plarfe of the second information 
medium by the light focusirfg optical system and is reflect 
by the first information meJium or the second information 
medium, to reproduce intimation recorded in the first 

45 information medium or th Jsecond information medium. 



te»f 



127. A compound objective lens, in which aX 
beam of~rncident light radiated from a light source/is 
focused on an information recording plane of a/first 
information medium through a transparent substeafe of a 
5 first thickness Tl or on an information recording plane of 
a second information medium through a^ transparent 
substrate of a second thickness T2 smaller than the first 
thickness Tl (T2<T1), comprising: ~~7 

an objective lens, having a light focusing 
10 performance so as to minin 



the beam of incident ligl 



inimjze an/aberration occurring in 
ighjf in case's where the beam of 



the information recording 



incident light radiated froi l the^ Jight source is focused on 



of the second information 



medium through the transparent substrate of the second 
15 thickness T2, for focusing the beam of incident light 
radiated from the ^ght source on the information 
recording plane of/fhe first information medium or the 
second information medium through the transparent 
"substrate of th/ first thickness Tl or the transparent 
20 substrate of th/second thickness T2; and 

a ritrg-shaped band, arranged at least one surface 
of the objective lens, for shifting a phase of a part of the 
beam of incident light passing through the objective lens 
to reduofe a wave-front aberration caused by a difference 
25 between the thickness Tl of the first information medium 
and the thickness T2 of the second information medium in 
casgs where the beam of incident light is focused on the 
in/ormation recording plane of the first information 
fledium. 



128. An optical disk apparatus, comprising: 

a light source for radiatimf a beam of incident 

light; J 

a first information /nedium, having an 

information recording plane and 4 transparent substrate of 
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a first thickness Tl, for recording firs/ information on the 
information recording plane, a thickness of the first 
information medium being set to Tl ;/ 

a second information tfiedium, having an 
10 information recording plane and a transparent substrate of 
a second thickness T2 smaller than the first thickness Tl 
(T2<T1), for recording seconcf information on the 
information recording plane, a /thickness of the second 
information medium being set to/T2; 




15 rotating means for rotating the first information 



medium or the second information medium; 
j 1 

an optical head apparatus, which compnses 
a light focusing optical system for focusing the 
beam of incident light radiated from the light source on 

20 the information recording plane of the first information 
medium or the second information medium through the 
transparent substrate of the*! first thickness Tl or the 
transparent substrate of the second thickness T2, the light 
focusing optical system comprising 

25 an optical device for minimizing an aberration 

occurring in the beam of incident light in cases where the 
beam of incident light passing through the optical device 
transmits through the transparent substrate of the second 
information medium and is focused on the information 

30 recording plane of the second information medium, and 

a ring-shaped band! placed on at least one surface 
of the optical device, for shifting a phase of the beam of 
incident light passing through the optical device to reduce 
a wave- f 

35 front aberration caused tby a difference between the 
thickness Tl of the firstfi information medium and the 
thickness T2 of the second information medium in cases 
where the beam of incipient light passing through the 
optical device transmits through the transparent substrate 

40 of the first information medium and is focused on the 
information recording plane of the first information 
medium; | 

focus control means for performing a first focus 
control of the optical heacl apparatus corresponding to the 

45 first thickness Tl of the! first information medium and a 
second focus control of the optical head apparatus 
corresponding to the second thickness T2 of the second 
information medium according to the beam of incident 
light detected by the photo detector; 

50 tracking control means for performing a first 

tracking control of t; 1 the optical head apparatus 
corresponding to the ffirst thickness Tl of the first 
information medium and a second tracking control of the 
optical head apparatus corresponding to the second 

55 thickness T2 of the second information medium according 
to the beam of incident light detected by the photo 
detector; and i 

information detecting means for judging 
according to the beanl of incident light detected by the 

60 photo detector of the optical head apparatus, for which the 
first focus control ancl the second focus control of the 
focus control means and the first tracking control and the 
second tracking control of the tracking control means are 
performed, whether the beam of incident light radiated 

65 from the light source is converged at the information 
recording plane of the first information medium or the 
information recording plane of the second information 
medium, reproducing! the first information recorded in the 
information recording plane of the first information 

70 medium from the beam of incident light detected by the 
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the optical head 



photo detector in cases where it is judged that the beam of 
incident light radiated from the light source is converged 
at the information recording plane offthe first information 
medium, and reproducing the Second information 
recorded in the information recording plane of the second 
information medium from the ^earn of incident light 
detected by the photo detector h/cases where it is judged 
that the beam of incident ligtf radiated from the light 
source is converged at the information recording plane of 
the second information medium; and 

moving means for moving 
apparatus. 

29.' An objective lens, comprising: 
a first light passing region, corresponding 
first distance from an optical axis of a beam of incfflent 
light for passing the beam of incident lighf and 
converging the beam of incident light at an infpfrmation 
recording plane of a first optical disk through a 
transparent substrate of the first optical dig& havinga 
thickness Tl; and 

a second light passing region, corresponding to a 
second distance from the optical axis^f the beam of 
incident light, for passing the beam oj/incident light and 
converging the beam of incident ligKt at an information 
recording plane of a second optical disk through a 
transparent substrate of the second optical disk having a 
thickness T2 smaller than tbfe thickness Tl (T2<T1) 



130. An objective 



fts, comprising: 



a first lens re* 



numerical aperture NA1, 



corresponding to a first 



br focusing a beam of incident 



light, which is radiate^ from a laser light source and 
5 transmits through a /transparent substrate of a first 
information medium Kaving a first thickness Tl, to form a 
light spot on an information recording plane of the first 
information medium for the purpose of xading out 
information from^he first information medium; 
10 a second lens region, corresponding to a second 

numerical ape^ure NA2 higher than the first numerical 
aperture NA/f (NA1<NA2), for focusing the beam of 
incident ligtft which is radiated from the laser light source 
and transmits through a transparent substrate of a second 
15 information medium having a second thickness T2 smaller 
than ty first thickness Tl (T2<T1), to form a light spot on 
an information recording plane of the second information 
medium for the purpose of reading out information from 
the/second information medium; and 

a third lens region, corresponding to a numerical 
erture NA4 equal to or lower than the numerical 
foerture NA1 (NA4<NAD. for changing the beam of 
^incident light radiated from the laser light source to 
converge the beam of incident light on the information 
25 / recording plane of the first information medium through 
the transparent substrate of the first information medium 
having the first thickness Tl. 



1 3 1 . An optical head apparatus, comprising: 
a laser light source for radiating a beam 



>r i/di; 
r/havi 



of 



incident light; 

a first information mediunrt having an information 
recording plane and a transparent substrat e of a first 
thickness Tl, a thickness of the/fii 
being set to Tl; 



T 



first information medium 




a second information medium having an 
information recording plane and a transparent substrate of 

10 a second thickness T2 smaller than the first thickness tT 
(T2<TQ, a thickness of the second information 7 medium 
being set to T2; and 7 

a light focusing optical system, in/ which an 
objective lens comprises: 7 

15 a first lens region, corresponding to a numerical 

aperture ~NA1, for focusing the beam of/incident light 
radiated from the laser light source on the information 
recording plane of the first information Medium through 
the transparent substrate of the first information medium 

20 as a light spot for the purpose of /reading out first 
information from the first information rfledium; 

a second lens region, corresponding to a 
numerical" aperture NA2 higher tnan the numerical 
aperture NA1 (NAKNA2), for focusing the beam of 

25 incident light radiated from the laser light source on the 
information recording plane of the second information 
medium through the transparent substrate of the second 
information medium as a light spot for the purpose of 
reading out second information from the second 

30 information medium; and 7 

a third lens region, corresponding to a numerical 
aperture NA4 equal to or lower than the numerical 
aperture NA1 (NA4<NA0. for changing the beam of 
incident light radiated from? the laser light source to 

35 converge the beam of incident light on the information 
recording plane of the first information medium through 
the transparent substrate offthe first information medium 
having the first thickness Tlj and 

a photo detector/ for detecting the beam of 

40 incident light which is Converged on the information 
recording plane of the ffet information medium or the 
information recording pjjane of the second information 
medium by the light focusing optical system and is reflect 
by the first information medium or the second information 

45 medium, to reproduce the first information recorded in the 
first information medium or the second information 
recorded in the second ijfformation mediunr 
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132. An optical disk apparauis, comprising: 
a~laser light source for' radiating the beam of 
incident light having a particular wavelength; 

a first information jfaedium, having an 
5 information recording plane and af transparent substrate of 
a first thickness TK for recording first information on the 
information recording plane, /a thickness of the first 
information medium being set to Tl ; 

a second information medium, having an 
10 information recording plane aiid a transparent substrate of 
a second thickness T2 smaller than the first thickness Tl 
(T2<T1), for recording second information on the 
information recording plane, a thickness of the second 
information medium being set to T2; 
15 rotating means for rotating the first information 

medium or the second information medium; 

an optical head apparatus, which comprises 
a light focusing optical system, in which an 
objective lens comprises^ 
20 a first lens region, corresponding to a numerical 

aperture NAK for focusing the beam of incident light 
radiated from the laser light source on the information 
recording plane of the*/ first information medium through 
The transparent substrate of the first information medium 



A 111 r # 

25 as a light spot for the purpose on reading out first 
information from the first information ftiedium; 

a second lens region, corresponding to a 
numerical aperture NA2 higher than the numerical 
aperture NA1 (NAKNA2), for focusing the beam of 

30 incident light radiated from the laser I light source on the 
information recording plane of the] second information 
medium through the transparent subitrate of the second 
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information medium as a light spot 


for the purpose of 


reading out second information 


from the second 


information medium; and 

a third lens region, correspon 


ding to a numerical 



aperture NA4 equal to or lower than the numerical 
aperture NA1 (NA4£NA1), for changing the beam of 
incident light radiated from the lafser light source to 
40 converge the beam of incident light! on the information 
recording plane of the first information medium through 
the transparent substrate of the first jinformation medium 
having the first thickness Tl; jj 

focus control means for performing a first focus 
45 control oTthe optical head apparatusj corresponding to the 
first thickness Tl of the first information medium and "a 
second focus control of the optical head apparatus 
corresponding to the second thicknjbss T2 of the second 
information medium according to Ithe beam of incident 
50 light detected by the photo detector;| 

tracking control means for performing a first 
tracking control of the optical head apparatus 
corresponding to the first thickness Tl of the first 
information medium and a second bracking control of the 
55 optical head apparatus corresponding to the second 
thickness T2 of the second information medium according 
to the beam of incident light detected by the photo detector; 
and ^ I 

information detecting 1 means for judging 
60 according to the beam of incident light detected by the 
photo detector of the optical heaoj apparatus, for which the 
first focus control and the second focus control of the 
focus control means and the first tracking control and the 
second tracking control of the tracking control means are 
65 performed, whether the beam of incident light radiated 
from the light source is converged at the information 



information recording plane 


c[f the second information 


medium, reproducing the first 


information recorded in the 


information recording plane \ of the first information 


medium from the beam of in< 


fident light detected by the 


photo detector in cases where i 


1 is iudged that the beam of 


incident light radiated from th 


h light source is converged 


at the information recording p 


jane of the first information 


medium, and reproducing 


the second information 


recorded in the information re 


wording plane of the second 


information medium from tl 


ie beam of incident light 


detected by the photo detector 


in cases where it is iudged 


that the beam of incident \\i 


ht radiated from the light 


source is converged at the infi 


irmation recording plane of 


the second information mediui 


i; and 



moving means for Vn oving the optical head 
apparatus. 



